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ACWORTH. 1. N.. M. I. DURING AND R. J. WURTMAN. T_r,,_im' LI?'<'_ t_ ,,,icatcchohlmine rel(,a_, BRAIN RES
BULL 21_3) 473.--477.19_8,--T_rosme administration elevates stnatal levels of dopamine metabolites mammals gJ_,en
treatments that accelerate nigrostrmtal firing, but not in untreated rats. We examined the possibility that the amino a¢_cl
m_ght actually enhance dol_amme release in untreated animals, but that the technique of measuring stnatal dopamme
metabolism was too msens,t_ve to demonstrate such an effect. Dopamme release was assessed directly, using brain mt-
crodialysis of smatal extracellular flutd. Tyrosme adm,ntstrat_on 150-200mt_kg IP) did indeed cause a dose related mcrease _n
extracellular fluid dopamine levels with minor elevations in levels of DOPAC and HVA. its major metabolites, which u,ere
not dose-related. The rise in dopamine was shon-lived, suilllesting that receptor-mediated feedback mechanisms responded
to the increaseddopaminereleasebydiminishingneuronalfinngor sensitivitytotyrosine. Theseobservationsindicatethat
measurement of changes in stnatal OOPAC and HVA. if negative, need not rule out il_¢reases in nigrostnatal dopamine
release,
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EXISTING data suggest that the relationship between the on its saturation with tyrosine. As might be expected
tyrosine level in a catecholaminergic neuron and the rate at tyrosine does increase doPamine synthesis in otherv, ise un-
which the amino acid is converted to dopamine (or norepi-
nephrine or epinephnne) is complex (31). Tyrosine given
systemically increases catecholamine synthesis and release.
as estimated by measuring brain levels of various catechol-
amine metabolites, within neurons that have been made to
fire frequently (7. 14. 15. 26). But the amino acid seems to
have no effect on neurons that have not been pretreated so as
to render them especially active (6.7, 23, 26. 32, 33).

Thus. for example, if rats receive partial unilateral nigro-
striatal lesions (which accelerate the firing of the surviving
dopaminergic neurons in that hemisphere), tyrosine adminis-
tration increases the levels of dihydroxyphenylacetic acid
¢DOPAC) and homovanillic acid (HVA) per surviving
neuron ipsilateral to the partial lesion, but i'ms no effect on
dopamine metabolite levels in the intact, contralateral side of
the brain (23). Similar responsiveness to supplemental
tyrosine, as estimated by measuring brain levels of DOPAC
and HVA, or of the norepinephnne metabolite, 3-methoxy-
4-hydroxy-phenylglycol sulfate (MHPG-sulfateL can be gen-
erated by giving rats drugs which impair catecholaminerg|c
neurotransmission [e.g., reserpine (331; halopendol (7.26)1.
of physioloipcal treatments which selectively activate par-
ticular catechoiam,nerlpc tracts (like prolactln admtntstra-
t_on (30) or stress(15,201).

This correlation between the tyrosine-responsiveness of a
neuron and its apparent firing frequency is compatable with
evidence that neuronal finng activates the enzyme tyrosine
hydroxylase [by allosteric modification ( [ 1.36)1. This activa-
tion increases the enzyme's affinity for its cofactor tetrahy-
drobiopterin t21), diminishing tts sensitivity to end-product
inhibition (2). and makes the enzymes net activity depend

treated animals within neuronswith high spontaneous finng
frequencies and bursting activities (4). [such as the mesocort,-
cal dopamine neurons (34)]; the tyrosine hydroxylase m such
neurons is thought to be tonically activated.

Assuming that at least some of the enzyme in the ntgro-
striatal neurons of untreated animals would be m the
activated state, it seems surprising that in this ctrcum-
stance, tyrosine had no apparent effect on dopamme pro-
duction or release. We wondered whether this lack of effect
simply reflected the use of too insensitive an experimental
system. Hence we have used a newer approach to study
tyrosine's effects, that of directly assessing dopamine levels
within the intrastriatal extracellular fluid (ECF_ obtained by
intracerebral dialysis. This method is increasingJy becoming
established as a useful technique for obtaining repeated
samples of brain EcF _n v_vo._te EC"F is presumably m
equilibrium with the contents of local synapses, allou, vng
measure of released dopamine (9. 18. 19, 28.35. 371 and also
of other rnonoamine neurotransmitters el. 3. 27. 291 Our
data show that tyrosine administration does indeed increase
the dopamine concentration in srriatal ECF of other,*_se-
untreated animals, but that this increase is trans|ent, prob-
ably because it effectively en-hances the occupanc_ of
intrasynaptic dopamine receptors (5). slowing neuronal finng
and activating autoreceptor-mediated decreases in dopam,ne
release. Levels of the dopamine metabolites DOPAC and
HVA in stnatal ECF or whole b_h do not rise in parallel

after tyrosine administration, with those of ECF doparnme

hence negattve data from previous experiments wh,ch e_t,-
ma!ed dopamine release by measuring these metabohtes ,n
brain. Should be interpreted with caution.

'This paper is derived from a talk lpven by D. RichardWunman to The Departmentof The Air Force. held in San Dlello ,n t9_l"
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FIG. I.Th¢ effect of intrapentoneal administration of saline or various doses of
tyrosine on stri'-,lal ECF levels of dopamme. Rats were anaesthetized with alpha-
¢hloralose+.urethane (501._00m_kg IP). Probes were placed acutely in the right
striaTum IA °0.._. R 2.._. V -7) and v,ere perfused with artificial cerebrospinal
?lu,d at I.._ ul/mm. After injury release ( I00-1_'0 rain postprobe implantation), and
,_henthe basalle,,elsof dopamine in threeconsecutivesamples vaned by less

than 8e;. rats then e=therrecewed saline or tyroslne (:50. 100or 200 mg/kg. 4 ml/kg)
as a suspension (in physiological saline) mtrap_ntoneaily. Samples were analyzed
every,, 15 mm for dopamine by HPLC-electrochemical detection. Groups of' five
animals were used for each drug Irealment. Ven=cal bars represent standard error
of the mean. Stah,,|ical significance v.as measured using Student's t-test {un-
paired (. "p < 0.0._
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Male Sprague-Dawiey rats (300..-400 g) were anaesthe-
tized v. hh alpha-chloralose/urethane [._0/._00 mg/kg intraperi-
toneall._ _IPII and placed in a Kopf stereotaxic frame. The
skull _,'as exposed and a hole drilled through the cranium
above the right stnatum using the following coordinates: A
-,-0.__. R 2.._. V -7 (dural taken from Paxinos and Watson

(24). The position of the probe was venfied by measunng the
basal concentration of dopamin¢ in the ECF and also after
posl-monem sectioning. Microdialysis probes, 0.S mm outer
diameter. 4 mm exposed membrane length and _000 Dalton
"'cu_-o_" (Carnegie Medicin. Soina, Swedenj were implanted
into the stnatum. ? mm from the dura, (the membrane span-
ned the ,,tnatum -3 to -7 mm from the dural The dialysis
probes v, ere pcrfused with an artificial cerebrospinal fluid
(Na" 147 mM. K" 3.._ raM, Ca"" 1.0 raM. Mg =" 1.2 mM, CI-

129 raM, phosphate I raM, HCO, 25 raM. CO..JO_ to pH 7.4)
at I.._[/min. using a CMA microperfusion pump (Carnegie
Medicin. Solna. Sweden). Animals were maintained at a

stable level of anaesthesia by administration of additional
doses of anaesthetic if required. The body temperature was
monitored using a colonic probe and maintained at 37°C

using a heating pad.
Samples were collected every I._ rain into ._.0/al of 0._S M

perchloric acid t0 minimize air oxidatton of dopamlne. Fol-

lowing probe implantation, the first 100--120 minute collec-
lions were discarded after assay of a fev, had con_rmed in-

creased dopamme concentrations due to "inJury" release

(18.19.3._). probably resulting from neuronal damage dunng
probe placement. Samples were then analyzed for measure.
ment of baseline dopamine release after three cons¢cut=_e
ones had dopaJ'nine concentrations yawing by less than _,
Rats then either received physiological saline or drug trea(-
ment (amino acids were given as a suspension (in physiolog-
ical saline), 4 ml/kg IP).

HPLC Amd_'_i._

The liquid chromatographic system consisted of an Altex
pump with duaJ. in-sertes SSI suppresors: a Rheod,,ne
sw=tching valve with _,0/a,I loop: a 3 _. HR-80 CI_ column
tESA Inc. Bedford, MA): and ESA _I00A coulometnc de-

tector with in-line condiuonmg cell. in-line t_hers were
placed postRheodyne and postcolumn. The mobde pha_,¢
consisted of 70 mM sodium phosphale, 0.63 mM hepcane

sulphomc acid and 0.22 mM EDTA. pH 4.2: methanol _ _
The flow rate was 18 ml/min. Chromatograms (DOP-_,C
dopamme, _SHIAA, HVA and 5HT) were completed w_th_n
12 minutes thereby allowing immediate on-line analys,s

_('( +)v('rl('5

Daily recoveries by each probe were initiall_ measured
both before implantation and after removal from the brain ,_t
the end of the experiment. Probes were calibrated (at a flo,,
rate of I._ _l/min) in vivo by placing them in 0. I =_t _(an,.l
ards.al r,..M tc,mp('rat_r(,and were collectedin perchh,n.

ac)d as above. After several minutes (to alloy, de_el,,pmerT

of a steady-state across the probe's membrane. _,f- .om
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FIG 2. The effect of mtraperltoneal admm,strationof salineur variousdosesof
_,rosqneon _tnatal ECF leveh of DOPAC. :_,nimaisv.erepreparedasdescribedin
the legendto Fig. I. Samplesv,erecollectedevery (._rain and wereanalyzed('or
DOPAC usingHPLC-eiectrochemicaldetection. Groups of five animals were
used for each drug treatment.Verticalbars representstandarderrorof the mean.

pounds to be measured) the concentrationsof standards
were measured intwo orthreefractions,Under thesecondi-

tions(i.e.. at the temperature and flow rate indicated) the
Carnegie Medicin probes exhibited little between-probe var-
iability, and the percentage recoveries of dopamine. DOPAC
and HVA were 16"_. 26_ and 31_ respectively. There was
little variability in recoveries, before or after implantation.
Recovenes were only used to allow between-animal com-
parison. They are not used to give "'calculated" extracellular
fluid concentrations: this could be misleading, since the dif-
fusion klnet=cs in vtvo may differ from those in vitro (16).

In related studies, using the same experimental s,,stem
reported above, we have examined the effect of halopendol
(2 mgJkg [P) pretreatment _90 min before saline or _ rosme)
on ECF levels of dopamine and its metabolites m control
animals and those receiving tyros)he (100 mg,.kg [P) The
striatal ECF levels of dopamine, DOPAC and HVA are ele-
vated but stable Ifor at least 140 mini ninety minutes a.fter
animals received haloperidol I"_mg/kg lP). After haiopendot
pretreatment the increase in stria)el ECF dopamme levels
caused by supplemental tyrosine are maintained up )o
146-,-8c'_for at least 180 rain (in preparation).

St,tistics DISCUSSION

Results were given as mean*standard error of the mean. These data suppon the following conclusions: 1) Supple-
Statistical analysis of the data was determined using $tU- mental tyrosine--given in doses which need not elevate
dent'st-test (unpaired).

RESULTS

Under basal conditions, the extracelluar concentration of
dopamme was 4.62-0.48 nM (n= 15), that of DOPAC was
2092-.-148 nM and that of HVA was 1388-,-77 nM. These

levels are in agreement with values reported previously (8.
[8,19.35. 3"7).

The effects of saline or tyrosme (S0. 100 and 200 m_kg IP)
( n= 5 per group) on the concentration of dopamine in stria=a=
extracellular fluid are shown in Fig. I. The two lower doses
of tyrosin¢ transiently and ,ignnficantly to<0.05) increased
the extracellular concenlrat)on of stnalal dopam.me by
28-.-4% at 90 rain and 29=4_ at 75 rain for the 50 and i00
m_kg doses respectively. The peak increase in ECF
dopamme {45-,-9_c: pc0.05) occurred 60 rain after rats re-
ceived the highest t200 mgkg) t_roslne dose. The ECF
DOPAC and HVA levels showed a slight tendency to m.
crease with all doses of tyros,ne, but these increases were
not dose-related (Figs. 2 and 3J.

plasma tyros)no beyond its physiological range q12. t3.
:")---can indeed enhance the release of dopamme from m.
grostnatal neurons in otherwise-untreated ammais But. ")
This effect is transient, probably because it triggers recep-
tor-mediated feedback mechanisms that slow neuronal fir-
ing (_). and/or act presynaptically to dimimsh tran,m,tter
release per firing (5). These hypothetical mechamsms would
be expected to bring net dopamine release per neuron, per
unit time, back to levels existing before the ammo actd was
given. (inagreement With this explanation, treatment w_th a
drug--haloperidol--that interrupts these feedback mech-
anisms allowed tyrosine to produce continuing increases ,n
dopamine release•.) And. 3.) Significant increases ,n =he re,
lease of dopamine from nigroslriatal terminals need no) _e
associated with parallel increases m ECF or whole._ram
levels ofdopamine's chief metabolites, DOPAC and H ', k
_mtlar dissoctation between ECF levels or" dopamme ._nd
_tsmetabolites has also been observed in ammal', g_,en ,..,r
_ous drugs (18. 19. 35). The dissociation that _e _,r',er,ed
after t_roslne probably reflects the low concenlrJt_on ,,l
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STRIATAL ECF HVA LEVELS AFTER TYROSINE ADMINISTRATION.
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FIG 3 The effect of intrapentoneat admml_tranon of saline or various doses o1"
tyrosine on stnatal ECF levels of Hv.-_ ,_mmals _,ere prepared as described in
the lei_end to Fig 1. Samples were collected e,,er_ 15 mm and _,ere analyzed for
HVA using HPLC-electrochemical dctccllon Groups of five animals _,ere used
for each drug treatment. Vertical bars represent standard error of the mean.

dopamme in stria(al ECF, relative to those of D_)PAC and
HVA. as well as the likelihood that a high proportion of the
metabotite molecules may be formed _=t_iin the nerve termi-

hal fromdopamine destroyed Iocally without ever having
been released into the synapt=c cleft.

We have also observed that tyrosine is not the only nat-
= =urally occurmg amino acid capable of altering ECF

by more than they elevate tyrosme, and phenylalanine both
competes with tyrosme for brain uptake (2_% and directly

nhlb_ts t',rosine hydroxylase activity (l'Tk/ncreases or de-
creases in ECF dopamine levels prc>c[uced by v_i6u+s phen-
> lalanme doses were not accompanied bypara]le] changes m
the ECF concentration of DOPAC or HVA. Another large

neutral arnmo acid. valine 1200 m_kg IPL had no detectable
effect on ECF dopamine levels (data nolsh-o_v-n3-, mdlcat,ng

that the effects of t_rosme or phenylalamne a_'e not ¢=mpl>
dopamme concentrations. Phenylalanine. depending on the stress responses.
dose gtven, can increase dopaminel_¢ve!s, ruoLalter them, or
even decrease them (9.10k The apparent reason for this

complex effects is that low phenylalanine doses are rapidl> -_CKNOWLED_EMENTS

and quantitatively converted to tyrosine by the animals The,.eexDenmentsweresupponed by the U S Air Force Off,.e
liver, but high doses elevate blood and brain phenylalanine o)" S,.;_¢ntJl_cRe,arch: The Center for Beam Sciences and Men=t't,o-

m,,mChar_lable Trust: and The National Aeronaul.Jc:sand Space
-_dmtnl_lralion
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